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Description 



[0001 ] The present invention relates to a novel use- 
ful vector for introducing a gene Into a plant using 
genetic engineering techniques. 
[0002] Transformation of microorganisms and cul- 
tured cefls using genetic engineering Is currently 
applied to the production of physiologically active sub- 
stances useful as medicines and the like, and thus 
greatly contributes to the industry. In the field of plant 
breeding, since this technology enables a desired gene 
to be directly introduced into plants to be bred, it has the 
following advantages compared to classical breeding 
which requires multiple crossing: (a) it is possible to 
introduce only a characteristic 1o be improved; (b) H is 
possible to introduce characteristics of species other 
than plants (such microorganisms and the like); and (c) 
it is possWe to greatly shorten the breeding period. 
Industrial application of plant genetic engineering lags 
behind because, for example, the fife cycles of plants 
are much longer than those of mkrcorganierns and the 
like and it has been difficult to introduce a gene into 
plants. However, a number of useful transgenic plants 
have been produced mainly in Europe and the U.S. and 
are now on the market 

[0003] Specifically, the production of a transgenic 
plant by Introducing a desired gene Into a plant requires 
the following three steps: (1) introducing the desired 
gene Into the plant cell (including introduction of the 
same into the chromosomes, nucleus and the like): {2} 
selecting plant tissue made only of cells into which the 
desired gene has been introduced; and (3) regenerating 
a plant from the selected plant tissue. Among these 
steps, in selecting the desired transgenic tissue, gener- 
ally, since it is difficult to confirm with the naked eye a 
tissue in which the desired gene is expressed (the tis- 
sue in which the desired gene is expressed is naturally 
a tissue constituted by cells Into which the gene is intra- 



is 



duced) without regenerating a plant, the desired gene is 
introduced into a plant cell together with a selectable 
marker g*ne of which expression can be easily 
detected fit the stags of cell ciiturkig. and the presence 

or absence of the expression of the selectable marker 
gene (namely, the presence or absence of the introduc- 
tion of the selectable marker gene) Ic used ac on index 
for the introduction of the desired gene. Examples of the 
selectable marker gene include a kanarnydn-resistant 
gene (NPTII: neomycin phosphotransferase gene) and 
a hygromycin-resi stent gene (hygromycin phospho- 
transferase gene) which impart resistance to antibiotics, 
a nopaline synthetase gene (NOS) and an oct opine 
synthetase gene (OCS) which relate to amino acid syn- 
thesis, and a sulfonyl urea-resistant gene (ALS: acetoJ- 
actate synthetase gene) which imparts resistance to 
agricultural chemicals. 

[0004] However, the expression of a selectable 
marker gene can cause serious problems when such a 
transgenic plant is used for food. Namely, H is quite diffi- 



cult to ensure safety of the gene product obtained by the 
expression of the selectable marker gene on the human 
body. Consequently; when a transgenic plant produced 
using a selectable marker gene as an index is sold as 
food, it is necessary to carry out detailed examination 
on the effect of the gene product upon the human body. 
For example, although the NPTII gene has been already 
often used as a selectable marker gene at a laboratory 
revel since the early 1980's, its gene product was 
approved by Food and Drug Administration (FDA) as a 
food additive for the first time in 1994, and transgenic 
plants to which the gene is introduced as a selectable 
marker gene have been used for food thereafter. How- 
ever, uneasiness about such NPTII gene products is still 
present unavoidably at the essential level of consumers 
who actually eat these products. 
[0005] Also, all of the genes which have so far been 
put into practical use as selectable marker genes, 
including the NPTII gene, are genes that contribute to 
the deton'cation activity of plant cell growth inhibitors, so 
that selection of a tissue Introduced with a desired gene 
is earned out by culturing the tissue using a medium 
contain'rtg such a growth inhibitor and evaluating the 
presence or absence of the expression of the selectable 
marker gene, namely resistance to the inhfcitor, as an 
index. In that case, however, the presence of resistance, 
namely the ability of the plant tissue to grow in the pres- 
ence of such an inhibitor, is merely a matter of degree, 
so that it is difficult to avoid undesirable influences of the 
culturing in the presence of such an inhibitor upon plant 
cells, and such influences are actually causing side 
effects, such as reduction of proliferation and recDfferen- 
tiation ratio of the transgenic tissue due to decreased 
activity of the plant cells. 

[0006] Furthermore, after selection of a transgenic 
tissue, expressiorrof a selectable marker gene causes 
considerable obstacles even at the level of researchers 
studying the plant breeding. That Is, when a transgenic 
plant whicH has been produced by using a selectable 
marker gene is again introduced by another gene, intro- 
duction of the gene cannot be carried out using-the 
csstss c electable merkor ger.c. In ether v.-erda, circs the 

selectable marker gene has been already present in the 
plant, the selectable marker gene is always expressed 

in the plant whether or not th» nmv H«Mimrl c*"" ^ J 

duced into the plant together with the selectable marker 
gene. Therefore, such a selectable marker gene can no 
longer be used as an index of the Introduction of the 
new desired gene. Consequently, the number of times 
of repeated gene introduction into a certain plant is nat- 
urally restricted by the number of different selectable 
marker genes useful In the plant. However, kinds of 
selectable marker genes so far available are not so 
many. Additionally, all of the selectable marker genes 
are not necessarily useful in the plant of the object 
[0007] As a means for resolving these problems, 
the inventors of the present invention have previously 
provided a novel vector in International Publication No. 
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WO 96/15252 and US. Patent 5,965,791. This vector 
uses a morphological abnormality induction gene as a 
selectable marker gene which ts present in plants in the 
natural world and whose safely upon the human body is 
secured to a certain degree. Additionally, when intro- s 
duction of a gene into a plant is carried out using this 
vector, a transgenic tissue can be selected easily using 
its morphology as an index. That is, a tissue after a 
gene introduction treatment is cultured under appropri- 
ate conditions, and a tissue formed during the cutturing 10 
showing morphological abnormality is detected and 
selected. It is not necessary to add an inhibitor which 
reduces plant cell activity to the medium during the cul- 
turing. Also, when Introduction of a gene into a plant is 
carried out using thte_VBCtor_in which the . selects hlft__j*_ 
marker gene is used in combination with a removable 
DNA element a transgenic tissue from which influences 
of the selectable marker gene are completely removed 
can be obtained. Such a tissue can be obtained easily 
by merely carrying out its selection using morphology of so 
the transgenic tissue as an index similar to the case of 
the above-described gene introduction. 
[0008] However, such a vector also has a problem 
that the selection efficiency of transgenic tissues is 
poor. That is, even when tissues after the gene irttroduc- 2S 
ton treatment are cultured and a tissue having morpho- 
logical abnormality is selected in the above-described 
manner, the thus selected tissue is often not the trans- 
genic tissue. This result suggests that a plant hormone 
or the like produced in the cell to which the morphologi- so 
cal abnormality induction gene has been introduced is 
also moved Into its peripheral ceils and exerts influ- 
ences thereon, and that tissues having morphological 
abnormality are differentiated and proliferated from the 
Influenced non-transgenlc cells. ss 
[0009] An object of the present invention Is to 
improve selection efficiency of transgenic tissues and 
solving the above-described problems Involved In the 
previous techniques bi the introduction"of"a~gene Into 
plants. 40 
[001 0] As a result of intensive studies, the Inventors 
of the present invention have tound that the above- 
descrtoed problems can be solved by the use of a plant 
hormone signal transduction gene as a selectable 
marker gene, and thus the present invention has been 45 
completed. 

[0011] That is, the present invention relates to a 
vector for introducing a gene Into a plant, which com- 
prises a desired gene, and a plant hormone signal 
transduction gene as a selectable marker gene. so 



scheme. 

Fig. 4 is a diagram of the construction of pIPTPCKI- 
2 from plPTPCKl-1 in the pIPTPCKM construction 
scheme. 

Rg. 5 is a diagram of the construction of plPTPCKl- 
4 from plPTPCKI-2 in the pIPTPCKM construction 
scheme. 

Rg. 6 is the restriction enzyme map of a T-DNA 

region in the structure of pIPTPCKM. 

Rg. 7 Is a view showing construction scheme of 

plPCK-1. 

Rg. 8 is the restriction enzyme map of a T-DNA 

region in the structure of plPCK-1. 

Rg. 9 is the restriction enzyme map of a T-DNA 

region In tho ctructuro-ol p IPT6-- - 

Rg. 10 is the restriction enzyme map of a T-DNA 
region in the structure of pIPTIO. 
Rg. 1 1 is a diagram of the construction of pNPI1 28- 
2 in the pMATCK-1 construction scheme. 
Rg. 12 is a diagram of the construction of 
DGSTR128 from pNPI128-2 in the pMATCK-1 con- 
struction scheme. 

Rg. 13 is a diagram of the construction of 
pGSTRCKI128 from plPTPCKI-3 and DGSTR128 
in the pMATCK-1 construction schema 
Rg. 1 4 is a diagram of the construction of pMATCK- 
1 from pGSTRCKI128 In the pMATCK-1 construc- 
tion scheme, and the structure of the thus con- 
structed pMATCK-1. 

Rg. 15 is a diagram of the construction of 
pRBCIPT128 in the pMATIPCK-1 construction 
schema 

Rg. 16 is a diagram of the construction of 
DQSTRIPT128 from pRBCIPT128 in the 
pMATIPCK-1 construction scheme. 
Rg. 17 is a diagram of the construction of 
pGSTRCKIIPT128 from plPTPCKI-3/Ap and 
PGSTRIPT128 in the pMATIPCK-1 construction 

scheme. 

Rg. 18 Is a diagram of the construction of 
pMATIPCK-1 from pGSTRCKIIPTl28 to in the 
pMATIPCK-1 construction scheme, and the struc- 
ture of the thus constructed pMATIPCK-1. 

[D012] The present invention will be described 
below in detail. 

[001 3] The term "plant hormone signal transduction 
gene" as used herein means any one of genes encod- 
ing sensors that recognize the presence of a plant hor- 
mone, such as gibberellin. ethylene, auxin, cytokWn or 
the Eke. and proteins related to a series of signal trans- 
duction pathways in which the information is transferred 
from the sensors. Examples of the plant hormone signal 
transduction gene include ETR1 gene which is an ethyl- 
ene receptor gene (C, Chang ef a/.. Science, 262: 539 
(1993)). CKI1 gene (K. KaJdmota Science. 274: 982 
(1996)) and mutants thereof (e.g., CKI2 gene) and 
GCR1 gene (S. Plakidou-Dymock et a/.. Current Biol- 



Fig. 1 is a dagram of the construction of pNOST in 

the pIPTPCKM construction scheme. 

Fig. 2 ts a diagram of the construction of pIPTP/Cm 

from ptPTP/Ap in the pIPTPCKM construction 55 

scheme. 

Fig. 3 Is a diagram of the construction of plPTPCKI- 
1 from pIPTP/Cm in the pIPTPCKM construction 



3 



Received at: 6;45AM, 3/24/2003 

03- 3-24 : 8:2 5PM; NG 



TENT OEPT 



;81355613958 



# 11/ 37 



EP 1033 409 A2 



ogy, 8: 315 (1998)) which are considered to be a cytoki- 
nin receptor gene, IBC6 gene and BC7 gene (I 
Brandstatter and J.J. Ki&ber, The Plant Celt, 10: 1009 
(1998)). as reported in C. Chang and B.C. Stewart 
Plant Physiol, 117: 723 (1998). 
[0014] Among these plant hormone signal trans- 
duction genes, the CK11 gene has been studied most in 
detail end is useful as the plant hormone signal trans- 
duction gene of the present invention, because it 
improves sensitivity for cytoWnin In plant cells Into which 
the gene has been introduced and, as a result, induces 
differentiation of a multiple bud tissue which has a char- 
acteristic morphology, can be detected easfly with the 
naked eye and grows actively. As a matter of course, 
any gene which does not induce morphological abnor- 
mality, unlike the case of the CKt1 gene, can also be 
used in the present invention, so long as it belongs to a 
plant hormone signal transduction gene. Since the sen- 
sitivity for a plant hormone changes in plant cells into 
which such a gene has been introduced, a plant ceO 
which, for example, does not grow in a plant hormone- 
free medium by nature shows active growth by the influ- 
ence of a plant hormone (endogenous plant hormone) 
inherently produced by the cell perse. Consequently, a 
transgenic tissue can be selected using the difference in 
such behavior against a plant hormone as an Index. 
[0015] Also, according to the present Invention, a 
plant hormone synthesis gene may be used together 
with the plant hormone signal transduction gene as 
selectable marker genes. The term *plant hormone syn- 
thesis gene* as used herein means a gene related to 
the synthesis of a plant hormone, such as glbbereJIIn, 
ethylene, auxin, cytokinin, or the like. Examples of the 
auxin synthesis gene include iaaM (tryptophan 
monooxygenase) gene (H. Van OnckeJen et al, FEBS 
Left, 198: 357 (1986)) and iaaH Cndolacetemide- 
hydrolase) gene (LS. Thomashow, Proc Natf. Acad, 
Scf- USA , 81: 5071 (1984 ) ) both produced by bacteria 



belonging to the genus Agrobacterium, and an alde- 
hyde oxidase gene (JP-A-10-1 03680; the term. "JP-A" 
as used herein means an "unexamined published Japa- 
nese patent application") and a nrtriase gene (D. Bar- 
tling et at., Eur. J. Biochern., 205: 417 (1992)) in plants. 
Furthermore, examples of the cytokinin synthesis gene 
include ipt fjsopentenyl transferase) gene which is 
present on the T-DNA of Agrobacterium tumefatiens 
(hereinafter referred to as "A. tumefatiens*) (D. AWy- 
oshi, Proa Natl Acad. Sci. USA, 81: 5994 (1984)) and 
APRT (adenine phosphoribosyltransferase) gene (K.M. 
Schnorr, Plant J. . 9: 991 (1996)) in plants. Moreover, 
gfcbereliin and ethylene synthesis genes from various 
plants have been isolated {Cell Engineering Supple- 
ment Plant Cell Engineering Series 10. "Signal Trans- 
duction of Plant Hormones - From Biosynthesis to 
Physiological Functions", pp. 86-96 and pp. 138-150). 
Any one of these genes can be used in the present 
invention. However, among these, the ipt gene is suita- 
ble as the plant hormone synthesis gene of the present 



"rrvention because it can be introduced into various 
plants and its abifity to function In these plants can be 
revealed. 

[0016] According to the present invention, the 

s selectable marker gene may be used in combination 
with a removable DMA element In this case, a vector is 
constructed by inserting the selectable marker gene of 
the present invention into such a position that It behaves 
integrally with the removable DNA element and by 

w inserting the desired gene into such a position thai ft 
does not behave integrally with the removable DNA ele- 
ment A transgenic tissue from which the Influence of 
the selectable marker gene has been completely 
removed can be obtained easly by Introducing a gene 

is into a plant using the thus constructed vector. 

[001 7] The term Removable DNA element" as used 
herein means an element of a DNA sequence which 
Hsell is removable from the DNA wherein the DNA ele- 
ment exists and functions. In plants, a transposes 

so present In a chromosome is known as this element The 
structure, activity and behavior of transposons have 
been almost completely identified. For the transposes 
to function, two components are required in principle, an 
enzyme which is expressed from the gene present 

25 therein and which catalyzes the excision and transposi- 
tion of the transposon itself (transposase), and a DNA 
binding sequence which Is present tn the terminal 
region of the transposon and upon which the trans- 
posase acts. By these elements, the transposon Is 

so excised from the chromosome in which it exists, and is 
then usually transposed to a new position in the DNA. 
However, at a certain ratio, the transposon also disap- 
pears without being transposed. The present invention 
makes use of such a transposition error of the transpo- 

55 son. 

[0018] The transposon can be one of two types, 
either an autonomous transposon or a non-autonomous 
transposon. The autonomous transposon maintains t he 
^ two elements, the transposase andlr^DNA~6irxJihg 

40 sequence. In the autonomous transposon, the trans- 
posase is expressed and binds to the DNA binding 
sequence for action, whereby the transposon Is autono- 
mously excised from the chromosome. The non-auton- 
omous transposon retains the terminal DNA binding 

4f sequence to which the transposase is bound for action. 
In the non-autonomous transposon, the transposase 
gene undergoes mutation such that the transposase is 
not expressed; thus the transposon cannot be excised 
from the chromosome autonomously. However, when 

so transposase is supplied to the non-autonomous trans- 
poson from the autonomous transposon or from an 
Independent transposase gene, the non-autonomous 
transposon behaves similarly to the autonomous trans- 
poson. 

ss [0019] Examples of the autonomous transposons 
Include Ac and Spm Isolated from maize (A. derl and 
H. Saedler, Plant Mot. Biol, 19: 39 (1992)). Ac can be 
obtained by digesting wx~m7 locus In the chromosome 
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of the maize with restriction endonuclease SauZA (U. 
Bebrens et aA, Mol. Gen. Genet, 194: 346 (1984)). This 
autonomous transposon is the most analyzed among 
plant transposons- In fact, the DNA sequence has 
already been determined (M. Mueller- Neumann et at, 
Mof. Gen. Genet, 198: 19 (1984)). and it is suitable tor 
the DNA element used in the present invention. Also, 
examples of non-autonomous transposons include Ds 
and dSpm obtained by deleting the inner regions of Ac 
and Spm t respectively (H.-R Doring. and P, Startinger, 
Ann. Rev. Genet, 20: 175 (1986)) and those isolated 
from many plants, other than maize, such as snap- 
dragon, morning glory and the like (tor example, Y Ina- 
gaki ef a/., Plant Ceil, 6: 375 (1994)). When these 
transposons are introduced Into chromosomes of exog- 
enous plants, these transposons are ateo excised from 
a chromosome and transposed (tor example. B. Baker 
et a/., Proc. Natl. Acad Set USA, 83: 4644 (1966)). 
[0020] In the present Invention, both the autono- 
mous and non-autonomous transposons can be used. 
For example, a non-autonomous transposon can be 
used by inserting therein a selectable marker gene and 
a transposase gene which is obtained from an autono- 
mous transposon or synthesized. 
[00211 Another removable DNA element, which is 
not present in plants, is an element derived from a site- 
specific recombination system. The site-specific recom- 
bination system consists of two elements, a recombina- 
tion site (corresponding to the removable DNA element 
of the present invention) having a characteristic DNA 
sequence, and an enzyme (recombinase) that binds to 
the DNA sequence specifically and catalyzes the 
recombination between these DNA sequences if two or 
more of the sequences exist When the two DNA 
sequences are oriented in the same direction at a given 
interval on the same DNA molecule, the region held by 
these DNA sequences is excised from the DNA mole- 
cule, such as a plasmid, chromosome or the like. When 



system (for example. N.L. Craig, Annu. Rev. Genet, 
22: 77 (1968)), they have not been found in higher 
organisms. However, when the site- specific re combina- 
tion system separated from these rrtcroorganiBms is 

& introduced into organisms (including plants) dilferent 
from the organism from which this system has been 
derived, it behaves in the same way as in the original 
organism. In the examples of the present application, 
the FVRS system (H. Matsuzaki et a), J. BacterhfOQy, 

7C r 1 72: 610 (1990)), the she-specific recombination sys- 
tem of yeast {Zygosaccharornyces rouxii) , was used by 
inserting a recombinaGe gene into Its recombination 
she. This R/RS system also maintains its inherent func- 
tion in higher plants (H. Onouchi et at. Nucleic Acid 

is Res.. 19: 6373 (1991)). 

[0023J Furthermore, in the present invention, when 
the selectable marker gene is used in combination with 
a removable DNA element, ft can be inserted into a 
position where H is removed together with the remova- 

so ble DNA element. For example, when a transposon is 
used as the removable DNA element, the selectable 
marker gene can be inserted into a position which has 
no influence on removing of the transposon, namely a 
position between upstream of the introduction gene pro- 
fs moter region and downstream of the terminal region to 
which the transferase is linked. Ateo, when the FVRS 
system is used, the selectable marker gene can be 
inserted into any position, so long as it does not inhfeft 
expression of the recombinase within the region of the 

30 recombination site. 

[0024] The vector of the present invention can be 
used in any plants into which the gene can be intro- 
duced by genetic engineering methods. The desired 
gene in accordance with the present invention can be 

35 any gene by which agricufturaty excellent characteris- 
tics can be imparted and any gene which allows for 
studies of gene expression mechanisms and the like, 
though ag ricult urai y excellent characteristics a re not 



the two DNA sequences are oriented in opposite direc- 
tions on the same DNA molecule, the region held by 
these DNA sequences Is inverted. The present inven- 
tion utilizes the former excision. Both excision and inver- 
sion within the recombination she occur as a result of 
homologous recombination through the site-specific 
recombination system, which is different from the mech- 
anism using the transposon in which its excision occurs 
as a step of transposition. The recombinase gene is not 
necessarily present in the same DNA molecule, in 
which the recombination site exists. The recombinase 
gene only needs to be present in the same cell and 
expressed to excise or invert the region held by the two 
DNA sequences (N.L Craig, Annu. Rev. Genet, 22: 77 
<1988)). 

[0022] At present, she-specific recombination sys- 
tems have been identified in microorganisms such as 
phage, bacterium [e.g., E coft), yeast and the like. 
Although examples thereof include a Cre/tox system, an 
R/RS system, a FLP system, a cer system, and a fim 



necessarily imparted. 

40 [0025] Also, when a protein, such as an enzyme or 
the Ike, is produced from a gene, the gene generally 
requires not only the structural gene encoding the infor- 
mation on such a polypeptide but also regulator 
sequences, such as a promoter (expression initiation 

46 sequence) , a terminator (expression termination 
sequence) , and the tike. When the term "gene" is sim- 
ply used, it generaly means a structural gene having 
these regulator sequences. In the present invention, 
such promoters and terminators can be used without 

so limitation, so long as they can function in the objective 
plant Examples of the useful promoters include a cauli- 
flower mosaic virus 355 promoter (J.T. Odell et at, 
Nature (London), 313: 810 (1985)), the promoter of a 
n opaline synthetase (W.H.R. Langridge eta!., Plant Ceil 

55 Rep., 4 : 355 (1 985)), and various induction promoters, 
tor example, chemical substance Induction promoters, 
such as a gtutathione-6-trartsferase I system gene pro- 
moter (JP-A-6-268965). a gtrtathione-S-transf erase II 
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system (GST-II) gene promoter flnternational Patent 
Publication WO 93/01294) , a Tet repressor fusion cau- 
liflower mosaic virus 35S promoter (C. Qatz et at, Moi 
Gen. Genet, 227: 229 (1991)). a Lac operator/repres- 
ser system promoter (R.J. Wilde et a/., EMBO J., 11: 
1251, 1992). an afcfVa/cA system promoter (Interna- 
tional Patent Publication WO 94/03619), a glucocorti- 
coid system promoter (T. Aoyama, Protein, Nucleic Add 
and Enzyme, 41 : 2559 (1996)). a par system promoter 
CT. Sakai et at.. Plant Ceil Physiol, 37: 906 (1996)). and 
the like; heat induction promoters, such as an hspQQ 
promoter (JP-A-5-276951) and the like: and light induc- 
tion promoters, such as a ribrose-bisphosphate carbox- 
ylase smal subunit {/bcS) gene promoter (R. Ruhr et 
at., Proc A/atf. Acad, Set. USA 83: 2358 (1986)). a fruc- 
tose- 1.6-tosphosphatase gene promoter (JP-W-7- 
501921; the term "JP-W as used herein means an 
"unexamined published Japanese International patent 
application*), a light-harvesting chlorophyll a/b binding 
protein gene promoter (JP-A-5-69), and the like. Exam- 
ples of the useful terminator sequences include a 
nopaGne synthetase pdyadenytabon signal (A. 
Depicker et al, J. Mol Appt. Gen., 1 : 561 (1982)) and an 
octopine synthetase polyadenylation signal (J. Gielen et 
at., EMBO J.. 3: 635 (1984)). 

[0026] The gene for use In the present invention 
can be obtained by cloning of cDMA or genomic DNA. 
Alternatively, if its sequence is already known, it can be 
obtained by chemical synthesis. 
[0027] The vector of the present invention can be 
introduced into a plant cell indirectly via a plant-infecting 
virus or bacterium or directly by physical or chemical 
methods (I. Potrykus, Annu. Rev. Plant Physiol. Plant 
Mot. BioL 42. 205 (1991)). For example, in the indirect 
Introduction, Infection with cauiflowar mosaic virus, 
gemini virus, tobacco mosaic virus, bromo mosaic virus, 
A. tumefaciens, Agrobacterium rhizogenes or the like 
can be i'fi«*t In the direct introduction, a microin jection 



method, an electroporation method, a polyethylene gly- 
col method, a cell fusion method, a high-speed ballistic 
penetration method or the like can be applied. 
[0028] According to the present invention, when the 
plant hormone signal transduction gene used as a 
selectable marker gene is introduced into a plant cell 
and expressed therein, the sensitivity for a plant hor- 
mone is changed, so that it causes physiological abnor- 
mal conditions in the cell in the presence of a plant 
hormone (regardless of endogenous or exogenous) 
and, as a result, puts the direction of the growth and dif- 
ferentiation of the cell out of order and causes abnormal 
behavior. Consequently, when a vector is constructed 
using the plant hormone signal transduction gene as a 
selectable marker gene together with a desired gene 
and the thus obtained vector is introduced into a plant 
cell, the selectable marker gene, namely a tissue solely 
formed from the cell into which the desired gene has 
been introduced, can be selected using abnormal 
behavior of the cell observed during the culturing as an 



index. It is not necessary to use a plant cell growth 
inhibitor which reduces plant cell activities tor the selec- 
tion. 

[0029] Also, when this plant hormone signal trans- 
b duction gene is used as a selectable marker gena, the 
gene product is not transferred from the transgenic cell 
into its peripheral non-transgenic cells and therefore 
does not exert its influence upon the peripheral cells. 
For example, when the CKI1 gene as a cytokinin signal 
10 transduction gene Is introduced into a certain cell so 
that the sensitivity for cytokinin is improved, its influence 
does not reach its peripheral non-transgenic cells, and 
the cytokinin sensitivity of the peripheral cells is not 
improved. Consequently, since only the transgenic cell 
is forms a murtiple bud tissue due to the influence of the 
CKI1 gene, the tissue selected by culturing cells after 
the gene Introduction process using the formation of the 
multiple bud tissue as an index is a tissue originated 
from a transgenic cell, namely a transgenic tissue. 
so Thus, according to the present invention, selection effi- 
ciency of the transgenic tissue can be Improved sharply. 
[00301 Ateo, each of the plant hormone signal trans- 
duction gene and the plant hormone synthesis gene 
which Is optionally used together with the plant bor- 
as mone signal transduction gene, as a selectable marker 
gene of the present invention, is a gene inherently pos- 
sessed by a plant or a gene naturally introduced into a 
plant through its infection with a bacterium or the Ike. 
Consequently, it can be considered that safety of the 
so gene product upon the human body is fairly reliable. 
[0031] Additionally, according to the present inven- 
tion, such a selectable marker gene can be used by 
inserting it into such a position that it behaves integrally 
with the removable DNA element When a gene is irrtro- 
ss duced into a plant using a vector having such a con- 
struction, the selectable marker gene loses its function 
by removal, together with the DNA element, at a certain 
probability from t he DNA where they were o ira Intro- 



duced and functioned, and, on the other hand, the 
40 desired gene which does not behave Integrally with it 
remains on the same DNA and continues its function. 
Thus, in other words, a cell into which only the desired 
gene has been introduced can be obtained. 
[0032] Moreover, disappearance of the function of 
46 this selectable marker gene can be detected as a 
behavioral change of the transgenic tissues under cul- 
turing similar to the case of the gene introduction, so 
that a tissue solely formed from the cell from which the 
function of selectable marker gene has been eliminated, 
so in other words, a tissue solely formed from the cell into 
which only the desired gene has been Introduced, can 
be selected certainly and easily at the stage of the cul- 
tured tissue. That is. in order to obtain a tissue solely 
formed from such a cell, the ceO after a gene introduo- 
55 ton treatment is firstly cultured and then transgenic tis- 
sue Is selected and Isolated using the abnormal 
behavior as an index, which is caused by the expression 
of the plant hormone signal transduction gene as a 
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selectable marker gene. Since a tissue showing normal 
behavior of the original tissue is generated from the tis- 
sue having abnormal behavior during cuHuring of the 
isolated tissue, such a tissue can also be selected. 
[0033] The vector of the present Invention uses a 
plant hormone signal transduction gene, or the plant 
hormone signal transduction gene and a plant hormone 
synthesis gene, as a selectable marker gene{&). Conse- 
quently, when a desired gene is introduced into a plant 
using this vector, a tissue Into which the desired gene 
has been introduced can be selected at a high efficiency 
using abnormal behavior of the plant cell as an index 
which Is Induced by the effect of the selectable marker 
gene, without using a plant cell growth inhibitor which 
reduces plant cell activities. Particularly, when the CKI1 
gene Is used as the plant hormone signal transduction 
gene, the plant cell into which this gene has been intro- 
duced is differentiated into a tissue having a character- 
istic morphology which can be easily distinguished with 
the naked eye. Furthermore, the resulting tissue can 
grow in a plant hor mone-free medium, so that ft Is mark- 
edly convenient to select and culture the transgenic tis- 
sue. 

[0034] Also, the plant hormone signal transduction 
gene and plant hormone synthesis gene are genes 
inherently possessed by plants or genes naturally intro- 
duced into plants through their Infection with a bacte- 
rium or the like, so that it is fairly reliable in safety of the 
transgenic plants upon the human body when they are 
used as food even if the genes are expressed in the 
plant cell. 

[0035] Additionally, when a removable DNA ele- 
ment is included in the construction of this vector and 
the selectable marker gene is inserted into such a posi- 
tion that It behaves Integrally with the removable DNA 
element the selectable marker gene loses its function 
by removal, together with the DNA element at a certain 
proba bility from me DNA where they were once intro- 



duced and functioned after the gene introduction into a 
plant cell. and. on the other hand, the simultaneously 
introduced desired gene which is present in such a posi- 
tion that it does not behave integrally remains alone on 
the same DNA In an expression-possible manner. 
Accordingly, when such a construction is employed, this 
vector can be used repeatedly with no Cmrtation for car- 
rying out multiple introduction of genes into a single 
plant, by simply changing a part related to each desired 
gene to be Introduced and not changing other construc- 
tions, such as the selectable marker gene and the like, 
(0036] Also, in this case, disappearance of the func- 
tion of the selectable marker gene can be detected as a 
behavioral change of the transgenic tissue similar to the 
case of the gene introduction, so that a tissue solely 
formed from the cell in which only the desired gene 
remains on the chromosome and keeps its function can 
be selected securely and easily at the stage of cultured 
tissues. Consequently, not only multiple introduction of 
genes can be carried out efficiently but also a trans- 



genic individual solely formed from such a cell, namely 
a plant individual from which influences of the selecta- 
ble marker gene are removed and possixe dangers 
caused by the gene product are completely exckided, 
5 can be obtained without requiring a crossing step. 
[0037] The present invention also relates to a 
method for producing a transgenic plant eel comprising 

(a) transforming plant cells with a vector according 
to to any one of claims 1 to 9; and 

(b) selecting transformed cells due to the presence 
of the plant hormone signal transduction gene. 

[0038] Furthermore, the present invention relates to 
is a method for producing a transgenic plant comprising 
steps (a) and (b) as defined above and furthermore the 
step of regenerating a plant from a plant cell selected in 
stepCb). 

[0039] The present invention wfll be explained 
so below based on Examples; however, it should not be 
construed as being limited thereto. Unless otherwise 
indicated, detailed experimental procedures in the fol- 
lowing examples were carried out in accordance with 
the methods described In Molecular Cloning, 2nd Edi- 
2s ton (Sambrook et at- eds.. Cold Spring Harbor Labora- 
tory Press. New Vbrk. 1929) or with respective 
manufacturers* manuals. 

Example 1 

so 

I. Construction of plasmid plPTPCKI-4 

[QCMOJ The QUS gene was digested from plasmid 
pB1221 (purchased from TOYOBO CO., LTD.) by 
35 restriction enzymes Sad and EcoRI, the digested ends 
were blunt-ended with T4 polymerase and then the 
resulting fragment was inserted into the Hfncll restric- 
tion enzyme site of p las mid pHSQ398 (purchased from 
TAKARA SHUZO CO, LTD.) to obtain a plasmid 
pNOST 

[0041] Separately, the ipt gene promoter was 
amplified by PCR using plasmid plPT2 having the ipt 
gene of & pathogenic A. iumefaciens strain P022 (Inter- 
national Publication No. WO 95/15252 and US. Patent 
5.965.791) as the template (as primers, 5-AGCGOA- 
TAACAATTTCAC ACAGGAAAC-3* and 5 T -AQTTTTTT- 
GCGGTATCTTGAATACA A-3' were used in 



combination). The Ipt gene promoter was inserted wito 
the Smal restriction enzyme site of plasmid pUC18 
(purchased from TAKARA SHUZO CO., LTD.) to obtain 
a plasmid plPT/Ap. and The Jpf gene promoter thus 
inserted into plPT/Ap was cEgested with restriction 
enzymes EcoRI and H/ndlll and inserted between the 
EcoRl-H/ndlll restriction enzyme sites of the pHSQ398 
to obtain a plasmid pIPTP/Cm. 
[0042] Next the ipt gene was again cleaved from 
the thus obtained pIPTP/Cm by digesting it with restric- 
tion enzymes Kpn\ and Safl and inserted between the 
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Kpn\-Xho\ restriction enzyme sites of plasmid 
pCKH6Rl-2 (obtained from Dr. KaWmoto of Graduate 
School/Faculty of Science, Osaka University} to obtain 
a plasmid ptPTPCKM. and the pt gene and the CK7T 
structural gene connected thereto were digested from 
the thus obtained ptasmld with restriction enzymes Kpn\ 
and Spe\ and inserted between the Kpn\-Xba\ restric- 
tion enzyme sites of plasmid pNOSTto obtain a plasmid 
plPTPCKI-2. 

[0043] The objective plasmid was obtained by 
digesting the CKI1 structural gene in which the ipl gene 
promoter and the nopal ine synthetase polyadenylation 
signal were connected to each other, from the pIPT- 
PCKi-2 with restriction enzymes Kpn\ and Ssel, and 
then inserting the structural gene between the Kpn\- 
Sse\ restriction enzyme sites of plasmid plPT20 (Japa- 
nese Patent Application Na 10-202335) in such a man- 
ner that the rbcS prompter and the ipt gene connected 
thereto were replaced thereby, and the thus obtained 
plasmid was named plasmid plPTPCKI-4. 
[0044] Also, the plasmid plPTPCKI-4 was intro- 
duced into Escherichia colt strain JM109, and the 
resulting strain was applied to international deposition 
as E. con JM109 (plPTPCKI-4) (National Institute of Bio- 
science and Human-Technology, Agency of Industrial 
Science and Technology, the Ministry of International 
Trade and Industry {1-3, Hlgashi 1 choma, Tsukuba-shi. 
IbaraW, Japan), international accession number FERM 
BP -6952, original deposition under Budapest Treaty on 
December 15, 1999). 

10045] The construction scheme of pIPTPCKW is 
6hown in Figs. 1 to 6. and the restriction enzyme map of 
a plPTPGKI-4 region (T-DNA region) to be integrated 
into a plant chromosome is shown in Fig. 6. In Fig. 6, 
NOS-P indicates a nopaHne synthetase promoter, T 
indicates a nopafne synthetase polyadenyiaticn signal, 
ipt-P indicates the ipt gene promoter, 35S-P indicates a 
cauliflower mosaic virus 35S promoter, GUS Indicates a 



noted, pH values at 22°C are used hereinafter}) and cul- 
tured at 28°C until OD^jq of the culture medium 
reached a value between 0.4 and 0.6. The resulting cul- 
ture broth was centrifuged at €,900 x g and at 4°C for 10 
5 minutes, the thus collected cells were suspended in 20 
ml of a buffer (10% glycerol, 1 mM HEPES, pH 7.0) and 
again centrifuged at 6,900 x g and at 4°C for 10 min- 
utes, and then the resulting cells were suspended in 
200 pJ of YEB liquid medium and used as a cell suspen- 
se si on for plasmid introduction. 

[0048] Introduction Of pIPTPCKW into 
Agrobacterium was carried out by electroporation. That 
Is, an electric pulse of 2.5 kV. 25 uF and 200 n was 
added at an inter-electrode distance of 0.2 cm to 50 pi 
is of the cell s uspension for plasmid introduction prepared 
in the above step I by mixing 3 jjg of plPTPCKt-4 to 
introduce pIPTPCKW into Agrobacterium (GENE 
PULSE R II manufactured by Bio-Rad). The cells after 
electroporation were suspended In 200 |d of YEB liquid 
so medium and cultured at 25°C for 1 hour on a shaker, 
and the resulting cells were spread on YEB agar 
medium (agar 1 .5 w/v %) supplemented with 50 mg/1 of 
kanamycin and cultured at 28° C for 2 days to select a 
pIPTPCKM-lntroduced strain. Introduction of the plPT- 
ss PCKt-4 was finally confirmed by digesting a plasmid 
which had been extracted from the selected strain by 
the alkali method with restriction enzymes and then 
comparing electrophoresis patterns of the digested 
fragments. 111. Introduction of plPTPCKI-4 from 
so Agrobacterium into Arabidopsis thaJlana and analysis 
of the transgenic Arabidopsis thallana 
[0049] Call! of Arabidopsis thafiana prepared m 
accordance with a usual method {Celt Engineering Sup- 
plement Plant Engineering Series 4, "Experimental 
35 Protocols of Model Plants - Rice and Arabidopsis 
thaliana; pp. 138-139) were infected with the plPT- 
PCKM-introduced A tumefaciens obtained in the 
above ste p II. When the Arabidopsis thaliana call! after 



p -glucuronidase gene and the small black triangles 
each indicates RB site and LB site dividing the T-DNA 
region. 

[0046] As apparent from Fig. 6, this plasmid con- 
tains a plant hormone signal transduction gene, the 
CKI1 gene, as a selectable marker gene, and the NPT11 
gene and the GUS gene as models of the desired gene 
in the region to be integrated Into a plant chromosome. 
Both of the NPTII gene which contributes to kanamycin 
resistance as described above and the GUS gene that 
produces a blue pigment in a cell containing the gene by 
metabolizing a specific substrate are genes generally 
used In the analysis of gene expression in plants. 

II. Introduction of plPTPCKI-4 into Agrobacterium 

[0047] A tumefaciens strain EHA 105 was inocu- 
lated Into 10 ml of YEB liquid culture medium (beef 
extract 5 g/l, yeast extract 1 g/l, peptone 1 g/1. sucrose 5 
gA 2 mM MgSO* pH 7.2 at 22°C (unless otherwise 



the infection treatment were bedded on a Murashigo- 

40 Skoog (MS) medium (T. Murashlge and F. Skoog, Phys- 
iol. Plant. 15: 473 (1962); supplemented with 1 w/v % 
sucrose and 0.8 wAr % agar as other components) 
which had been further supplemented with 0.5 mg/1 of 
indoleburyric acid, auxin, as a plant hormone, and 150 

45 mg/1 of cefotaxime as an antibiotic, and then cultured at 
23°C under 5,000 lux, differentiation of multiple buds 
was observed in 21 of the 40 tested cafU These buds 
were subjected to a GUS activity test in accordance with 
the method of Jefferson et at. t and the GUS activity was 

00 detected from all of them. 

[0050] Naturally, when buds are differentiated from 
Arabidopsis thaliana call, it is necessary to supply the 
calli with cytokirun as a plant hormone from the outside. 
Accordingly, cytokirun is added to a medium for cutturtng 

bs these calli. However, in the present test, differentiation 
of multiple buds was observed In 50% or more of the 
calli cultured using the cytoWnin-free medium. This 
result suggests that, since the CKI1 gene was intro- 
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ducdd into the caDus-constituting calls, cytokinin sensi- 
tivity of the ceDs was improved so that influence of the 
endogenous cytokinin inherently produced by the cells 
per se was very largely exerted upon the cells. Also, the 
activity, of the GU8 gene as the desired gene was 
detected without exception from al of the tissues thus 
selected using the multiple bud morphology as an 
Index, which was formed by the action of the selectable 
marker gene, the CKI1 gene. "That is, the selection effi- 
ciency of transgenic tissues was 100% in this test 

Example 2 

1. Construction of plasmid pIPCK-1 

10051] The fJasmid plPTPCKI-2 obtained in Exam- 
ple 1 was digested once with a restriction enzyme Ssei, 
the digested ends were blunt-ended with T4 polymer- 
ase end then a Kpn\ (taker was Inserted into the 
digested region to obtain a plasmid plPTPCKI-3. The 
objective plasmid pIPCK-1 was obtained by cfigecting 
the CKI1 structural gene in which the ipt gene promoter 
and the nopafine synthetase polyadenylation signal 
were connected lo each other, from the thus obtained 
plPTPCrO-3 with a restriction enzyme Kpn\, and then 
inserting the resulting fragment into the Kpn\ restriction 
enzyme site of the plasmid pJPT20. 
[0052] Also, the plasmid plPCK-1 was introduced 
into Escherichia coii strain J Ml 09, and the resulting 
strain was applied to international deposition as E. coli 
JM109 (pIPCK-1) (National Institute of Bioscience and 
Human-Technology, Agency of Industrial Sdence and 
Technology, the Ministry of International Trade and 
Industry (1-3. Higashi 1 chome, Tsukuba-shi. baraW. 
Japan), international accession number FERM BP- 
6951 , original deposition under Budapest Treaty on 
December 15, 1999), 

[0053] The corru ption scheme of pIPCK-1 is 



4 was observed in 17 of the 40 tested calll on the 20th 
day after the A tumefaciens infection. These buds were 
subjected to the OUS activity test, and the GUS activity 
was detected from all of them. 

s [0056] Also, the buds cfifferentiated from plPCK-1- 
intr educed calli showed a morphology which was 
slightly different from that observed in Example 1. This 
result suggests that certain influences were exerted by 
the improvement of cytoWnin sensitivity due to the 

to action of the CKI1 gene bi the pIPCK-Mntroduced cells 
and by the supply of cytokinin produced by the action of 
the ipt transgenic together with the CKi1 gene, in addi- 
tion to the endogenous cytokinin inherently produced by 
the cells. 

Tff 

Comparative Example 1 

[0057] A vector plasmid pBI121 for introducing a 
gene into a plant (purchased from TOYOBO CO:, LTD.) 

20 was introduced into Arabidopsis thaliana calfi in the 
same manner as described In the steps II and III of 
Example 1. and the calli were cultured, but differentia- 
tion of buds was not observed from the 30 tested calli 
even after 20 days of the A tumefaciens infection. Also, 

25 when the plasmid pBI121 is simply introduced into plant 
cells ike the case of this comparative, example, only the 
NPTI1 gene and GUS gene are Integrated into the plant 
chromosome. 

so Comparative Example 2 

[0058] A plasmid plPT5 containing the GUS gene 
as a model of the desired gene and the Ipt structural 
gene under control of CaMV35$ promoter as a selecta- 
35 ble marker gene (Fig. 9) was introduced into Arabidop- 
sis thaliana calli in the same manner as described in the 
steps 11 and III of Example 1, and the calli were cultured. 
As a result, drfferentiation of buds with destroyed apical 



shown In Fig. 7., and the region of pIPCK-1 to be inte- 
grated into a plant chromosome is shown in Fig. 8. In 
Fig. B, the encircled T means a polyadenylation signal 
of the ipt gene perse and rbc-P means the rbcS gene 
promoter. Other symbols are the same as those used in 
Fig. 6. 

I0054] As apparent from Fig. 8, this plasmid con- 
tains a plant hormone signal transduction gene, the 
CKH gene, and a plant hormone synthesis gene, the ipt 
gene, as selectable marker genes in the region to be 
integrated into a plant chromosome. 

IL introduction of pIPCK-1 Irto Arabidopsis thaliana 

[0065] In the same manner as described In the 
steps II and III of Example 1, Arabidopsis thaliana calli 
were infected with the plasmid pIPCK-1 -introduced A 
tumefaciens strain EHA 105. and the calli were cul- 
tured. As a result, differentiation of multiple buds more 
compact than the case of the introduction of pIPTPCKI- 



dominance, probably, due to the inf luence of the *rf 
gene was observed In 7 of the 40 tested calli. However, 
only one of the buds showed the GUS activity at the 
GUS activity test 

Cornparative Example 3 

[0059] A plasmid pIPTIO containing the GUS gene 
as a model of the desired gene and the ipt structural 
gene under control of its inherent promoter as a selecta- 
ble marker gene (Ftg. 10) was introduced into Arabidop- 
sis thaliana calli in the sane manner as descrbed in the 
steps II and 111 of Example 1. and the calli were cultured. 
As a result, differentiation ol buds with destroyed apical 
dominance was observed similar to the case of Com- 
parative Example 2 in 2 of the 40 tested calE. However, 
none of the buds showed the GUS activity at the GUS 
activity test 
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Example 3 



I. Construction of plasmid pMATCK-1 

[0060] tn order to delete the Smal and Xba\ restric- 
tion enzyme sites from the plasmid pNPI128 (Interna- 
tional Publication No. WO 96/15252 and U.S. Patent 
5,965,791), this plasmid was once digested with a 
restriction enzyme Kpnl, termini of the thus obtained 
fragments were Hunt-ended with T4 polymerase and 
then they were ligated again. Next the thus obtained 
plasmid pNPl 128-1 was digested with a restriction 
enzyme Xho\, and the resulting fragment was blunt- 
ended with T4 polymerase and then a Kpn\ linker was 
inserted into the digested site to obtain a plasmid 
pNPI12S-2. An R structural gene In which the GST-II 
gene promoter and the nopaline synthase polyadenyia- 
tk>n signal were connected to each other was Digested 
from the plasmid pNPI301 (JP-A-1 0-327860) with a 
restriction enzyme EcoTW and inserted into the EcoR\ 
restriction enzyme site of the plasmid pNPI128-2 to 
obtain a pfasmtd pGSTRl28. Also, the R structural 
gene used herein is a gene which encodes a recom- 
binant enzyme separated from a yeast site-specific 
recombination system. 

[0061] On the other hand, the CK(1 structural gene 
in which the ipt gene promoter and the nopaline syn- 
thase poiyadenyiation signal were connected to each 
other was digested from the plasmid plPTPCKI-3 
obtained ki the step I of Example 2 with a restriction 
enzyme Kpnl and inserted into the Kpn\ restriction 
enzyme site of the plasmid pUCi8 (purchased from 
TAKARA SHUZO CO., LTD.) to obtain a plasmid pIPT- 
PCKl-3/Ap. Next, the ipt gene promoter, the CKfl struc- 
tural gene and the nopalne synthase polyadenytation 
signal were again digested from the plasmid pIPTPCKl- 
3/Ap with a restriction enzyme Kpnl and inserted into 
the Kpnl restriction enzyme site of the plasmid 

"pQSTRI 28 to Obtain a plasmid pGSTRCKfl 2a 

[0062] The objective plasmid was obtained by 
digesting a region sandwiched by the recombinant 
sequence Rs*6 of the yeast site-specific recombinant 
system from the plasmid pGSTRCKI128 with a restric- 
tion enzyme Sse\ and inserting me resulting region into 
the Sse\ restriction enzyme site of the plasmid pBI121 , 
and the thus obtained plasmid was named pMATCK-1. 
[0063] Also, the plasmid pMATCK- 1 was introduced 
into Escherichia coil strain JM109, and the resulting 
strain was applied to international deposition as E. coi 
JM109 (pMATCK-1) (National Institute of Bioscience 
and Human-Technology, Agency of Industrial Science 
and Technology, the Ministry of international Trade and 
Industry (1-3, Hlgasht 1 chome, Tsukuba-shi, baraki, 
Japan), irtternafiona] accession number FERM BP- 
6953, original deposition under Budapest Treaty on 
December 15* 1999. 

[0064] The construction scheme of pMATCK-1 is 
shown in Figs. 11 to 14, and the restriction enzyme map 



of a region of the pMATCK-1 to be integrated into a plant 
chromosome (T-DNA region) is shown In Fig. 14. In Fig. 
14, GST-P indicates the promoter of the GST-II gene, 
the triangles of arrowhead shape indicate the recom- 

6 binant Rs and their sequential of redans and other sym- 
bol are the same as those used in Fig. & 
[00661 As apparent from Fig. 14. this plasmid 
pMATCK-1 is the same as the plasmid pIPTPCKM con- 
structed in the step I of Example 1 tn terms mat it con- 

to taine a plant hormone signal transduction gene, the 
CKH gene, as a selectable marker gene, and the NPTII 
gene and the GUS gene as models of the desired gene, 
In the region to be integrated Into a plant chromosome, 
but is Afferent therefrom in terms that it contains the 

is recombinant enzyme gene (R gene) and recombinant 
sequences of a yeast site-specific recombinant system, 
and fine CKH gene used as a selectable marker gene is 
present in a region sandwiched by the recombinant 
sequences. Accordingly, when a gene is introduced into 

20 a plant using this vector, as a result of expression of a 
recombinant enzyme, the selectable marker gene once 
integrated into the plant chromosome is removed 
together with the recombinant enzyme and recombinant 
sequences, and, on the other hand, the desired gene 

25 remains as such on the chromosome and continues to 
exert its functions. 

II. Introduction of pMATCK-1 into Arabtdopsis thaliana 
and analysis of the transgenic Arabtdopsis thaliana 

so 

[0066] In the same manner as described in the 
steps H and III of Example 1. Arabidopsis thaliana calti 
were infected with the plasmid pMATCK-1 -introduced A 
tumefaciens strain EHA 105, and the call! were cul- 

35 tured. As a result, differentiation of muhiple buds similar 
to the case of the introduction of plPTPCKI-4 was 
observed in al of the 30 tested cafli on the 20th day after 
the A tumefaciens infection. Among these buds, 17 
buds rtfffeirenMed frolndiHereht caJB^w 

40 the GUS activity test and the GUS activity was detected 
in all of them. 

[0067] Also, crvomosomal DNA was extracted by 
the CTAB method from each of the 17 buds having the 
GUS activity and subjected to PCR using two primers 

46 which had been designed in such a manner that they 
were able to bind to the NPTII gene and the GUS gene, 
respectively. The thus amplified DNA fragments were 
analyzed by electrophoresis, and disappearance of the 
CKH gene and R gene was detected in two of these 

so buds (PCR and electrophoresis were carried out in 
accordance with the conditions described tn Interna- 
tional Publication No. WO 96/15252 and US. Patent 
5,965,791). This resuh suggests that the activity of the 
GST-II gene promoter used as the R gene promoter was 

& induced by a physiological change in the celts caused 
by a hindrance added to the plant tissues when this test 
was carried out, and as a result, the R gene was 
expressed to cause removal of the region sandwiched 
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by the recombinant sequence Re' S of the site-specific 
recombination system. Also, in these two buds, an exci- 
sion event of the morphological abnormaSty-indudng 
CKH gene from the chromosome was detected, but no 
significant difference in morphology was detected in 
comparison with the simultaneously analyzed other 15 
buds In which the CKH gene was kept on the chromo- 
some. This result suggests that the culturing period o! 
20 days after infection with A. tumefaciens was so short 
that they did not reach a stage at which a difference in 
morphology detectable with the naked eye coukJ be 
detected between both cases. 

Example 4 

I. Construction of pMATIPCK-1 

[0068] The rbcS promoter and the ipt gene con- 
nected thereto were digested from the plasmid pRB4 
(Japanese Patent Application No. 10-202335) with 
restriction enzymes CcoRI and H/ndlll and inserted 
between the EcoRI-Windlll restriction enzyme sites of 
the plasmkJ pNPH28-2 obtained in the step I of Exam- 
ple 3 to obtain a plasmid pRBClPT12B. An R structural 
gene in which the QST-H gene promoter and the 
nopaiine synthase polyadenyiafion signal were con- 
nected to each other was digested from the plasmid 
pQSR2 (Japanese Patent Application No. 10-202335) 
with a restriction enzyme H/ndlll and Inserted Into ttie 
H/ndlll restriction enzyme site of the plasmid 
pRBCIPT128 to Obtain a plasmid pQSTRIPTl2a 
[0069] On the other hand, the CKH structural gene 
in which the ipt gene promoter and the nopaiine syn- 
thase polyadenylation signal were connected to each 
other was digested from the plasmid plPTFCKl-3/Ap 
obtained in the step I of Example 2 with a restriction 
enzyme Kpnl The thus digested fragment was Hunt- 
tended wit h T4 polymerase and Inserted into the Stfia[ 
restriction enzyme site of the plasmid pGSTFtlPTV28~tb 
obtain a plasmid pGSTRCKIIPTl28. 
[0070] The objective plasmid was obtained by 
digesting a region sandwiched by the recombinant 
sequence Rs's of the yeast site specific recombinant 
system from the plasmid pGSTRCKIIPTl28 with a 
restriction enzyme Ssel and inserting the resulting 
region into Ihe Ssel restriction enzyme site of the plas- 
mid pBM21 , and the thus obtained plasmid was named 
pMATJPCK-1. 

[0071] Ateo. me plasmid pMATIPCK-1 was intro- 
duced into Escherichia cob' strain JM109, and the 
resulting strain was appDed to International deposition 
as E. coli JM109 (pMATIPCK-1) (National Institute of 
Bioscience and Human-Technology, Agency of InaVis- 
trial Science and Technology, the Ministry of interna- 
tional Trade and Industry (1-3. Higashl 1 chome. 
Tsukuba-shi, IbaraW, Japan), international accession 
number FERM BP-6954. original deposition under 
Budapest Treaty on December 15. 1999). 
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[0072] The construction scheme of pMATIPCK-1 is 
shown in Figs. 15 to 18, and the restriction enzyme map 
of a region of Ihe pMATIPCK-1 to be integrated into a 
plant chromosome (T-DNA region) is shown in Fig. IB. 
6 The symbols shown in Fig. 18 are the same as those 
defined in Figs. 6, 8 and 14. 

[0073} As apparent from Fig. 18. this plasmid 
pMATIPCK-1 is the same as the plasmid plPCK-1 con- 
structed in the step I of Example 2 in terms that it con- 

io tains a plant hormone signal transduction gene, the 
CKH gene, and a plant hormone synthesis gene, the 'pt 
gene, as selectable marker genes, and the NPTH gene 
and the GUS gene as models of the desired gene, In the 
region to be integrated into a plant chromosome, but is 

18 different therefrom in terms that it contains the recom- 
binant enzyme gene (R gene) and recombinant 
sequences of a yeast site-specific recombinant system, 
and the CKH gene and the ipt gene used as selectable 
marker genes are present in a region sandwiched by 

20 the recombinant sequences. Consequently, the selecta- 
ble marker genes ki this vector show the same behavior 
as the case of the plasmid pMATCK-1 constructed In the 
step I of Example 3. 

26 II. introduction of pMATIPCK-1 into Arabidopsis thaliana 
and analysis of the transgenic Arabidopsis thaliana 

[0074] In the same manner as described in the 
steps II and III of Example 1, Arabidopsis thaiiana cafll 

so were infected with the plasmid pMATIPCK-1 -introduced 
A. tumefaciens strain EHA 105, and the call were cul- 
tured. As a result differentiation of multiple buds more 
compact in comparison with the case of the introduction 
of plPTPCKI-4 was observed in al of the 30 tested calli 

36 on the 20th day after the A tumefaciens Infection. 
Among these, 7 buds differentiated from different calli 
were subjected to the GUS activity test, and Ihe GUS 

activity was detected inatiof the m. ^ _ 

^^[6^75J = ^WWIe"trie^inv^ described in 

40 detail and with reference to specific examples thereof. H 
will be apparent to one skflled In the art that various 
changes and mocfificatione can be made therein without 
departing from the spirit and scope thereof. 
[0076] The priority applications, Japanese patent 

4S application Nos. Hei 1 1 -828. f iled January 6. 1 999, and 
Hei. 11-343937, filed December 2. 1999. are incorpo- 
rated herein by reference in their entirety. 

Claims 

60 

1. A vector for Introducing a gene into a plant which 
comprises 

a desired gene, and 
55 a plant hormone signal transduction gene as a 

selectable marker gene. 

2. The vector according to claim 1 , 
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which further contains a removable DNA ele- 
ment 

wherein the selectable marker gene Is posi- 
tioned such that it behaves integrally with the 
removable DNA element, and wherein the s 
desired gene is positioned such that it does not 
behave Integrally with the removable DNA ele- 
ment 

3. The vector according to claim 2, wherein the « 
selectable marker gene is present within the remov- 
able DNA element. 

4. The vector according to any one of claims 1 to 3, 
which further contains a plant hormone synthesis is 
gene together with the plant hormone signal trans- 
duction gene as selectable marker genes. 

5. The vector according to any one of claims 1 to 4, 
wherein the plant hormone signal transduction 20 
gene is a cytokinfn signal transduction gene. 

6. The vector according to claim 5. wherein the cytoki- 
rtin signal transduction gene Is the CKH gene 
derived from Arabtdopsis thaliana. & 

7. The vector according to claim 4, wherein the plant 
hormone synthesis gene is a cytoWnin synthesis 
gena 

30 

8. The vector according to daim 7, wherein the cytoM* 
nin synthesis gene is the pt (isopentenyl trans- 
ferase) gene which is present on the T-DNA of 
Agrvbacterium tomefaoens* 

36 

9. The vector according to claim 2, wherein the 
removable DNA element is derived from a site- spe- 
cific recombination 6ysterrt : 



1 0. A method for producing a transgenic plant cell com- 40 
prising 

(a) transforming plant cells with a vector 
according to any one of claims 1 to 9; and 

(b) selecting transformed cede due to the pres- 46 
ence of the plant hormone signal transduction 
gene. 

11. A method for producing a transgenic plant compris- 
ing slaps (a) and (b) as defined in claim 1 0 and fur- so 
thermore the step of regenerating a plant from a 
plant cell selected in step (b). 
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